In this paper the problem of diffuse reflection, which was considered in Paper XI, is extended to include the case of reflection of a partially polarized beam. It is shown that this extension leads us to consider that a scattering matrix S in terms of which Helmholtz' principle of reciprocity admits a simple mathematical formulation.
Let the beam be incident at an angle ß normal to the boundary. Then, as in Paper XI, § 5, we can distinguish at any level between a field of diffuse radiation (which has arisen as a result of multiple scattering and which we shall characterize by h, I r , and U) and the incident radiation reduced by the factor e~T sec ß , where r denotes the optical depth of the level under consideration. Similarly, we can also distinguish at any level between the contributions to the various source functions arising from the scattering of the reduced incident radiation and the diffuse radiation. The equations of transfer can then be written as in Paper XI, equations (53) + e -Tsecß { -2 ^ (1 "" /x 2 ) ^ sin sin ^> + m 2 cos sin 2(p}, v) cos 2 ip + Ip 2 ") (7, m) sin 2ip,
and U (7, ¿i, *>) = (7, m) sin U, ix) cos i/( 2 ) (7, m) sin 2^ + Z7 (-2) (7, At) sin 2^ .
As the notation indicates, Ip, Ip, etc., are all functions of 7 and ¡x only. Substituting these forms for the solution in the equations of transfer, we find that they break up into thè following five sets of equations: 
We now proceed to the solution of these equations appropriately for the problem of diffuse reflection by a semi-infinite plane-parallel atmosphere.
3. The solution of the equations of transfer.-Of the five systems to which we reduced the equations of transfer in § 2, the only one which requires any detailed consideration is the first; the others are equivalent to the systems already considered in Paper XI, § § 7 and 8. Considering, then, System (I), we observe that, as the inhomogeneous parts consist of two terms proportional, respectively, to Fi and F r , we can express /[ 0) and / r (0) as the sum of the appropriate solutions of dpp 3r r+
-AE e-T seca .
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i) Solution of System (/ a ).-Replacing the equations of System (I a ) by an equivalent system of linear equations in the usual manner, we find that the equations admit particular integrals of the form «-+1,..,.,+ »), (7) and I^i = 0 (i = ±1, .... ,±ri) , (8) where T has the same meaning as in Paper XI, equation (81). Combining these particular integrals for and with the corresponding solutions (Paper X, eqs.
[87] and [88] ) of the homogeneous equations and which are further compatible with our present requirement of the boundedness of the solution for r -» ? we have
where Lß(ß = 1, . . . . , w -1), M a (a = 1, . . . . , w), and Q are 2n constants of integration to be determined from the boundary conditions Ao) _ AO) _ 0 1 hi -l r >i -V at = 0 (i= -1, ....
-n) . (11)
In terms of the functions 
(i=l, .... ,n) , (14) while the angular distributions of the corresponding emergent intensities at r = 0 are expressible in the forms
as)
To obtain explicit formulae for the functions Sfp) and S r (p), we proceed as in Paper XI in a similar evaluation.
S. CHANDRASEKHAR
We first show that the functions Si(n) and S r (n) must have the forms and 2 sin 2 ß P ( -cos ß) P (m) m + & M 2 /P P ( cos ß) p (p) (cos ß a) (1 p sec ß)
X cos ß P ( -cos ß) P (m) Mi /P P ( -cos ß) P (m) '
where a and X are certain constants to be determined and the functions P, p, and P have the same meanings as in Paper X, equations (129), (132), and (133). From equations (13) and (17) it now follows that X cos ß P ( -cos ß)
where R a {x) is defined as in Paper X, equation (129).
To determine the constants X and a, we make use of the relations (Paper XI, eqs. (19) and (20), we find after some minor reductions that
The summations which occur on the left-hand side of these equations have been evaluated in Paper X. We have (cf. Paper X, eqs. 
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Using these results in equations (21) and (22), we obtain, after some further reductions, X 2 (a +1) (1+COS ß) and R (1)R (-cos ß) X R (-1)R (-cos ß) P (1) p ( -cos ßj 2 p ( -1) p ( -cos ß) a + cos ß {a -1) (1 -cos ß) a H -cos ß Solving these equations for X and a, we find that R ( -cos ß) X=q p ( -cos ß) and a + p a + cos ß r sin 2 ß = 1 -jjL cos ß -c (cos ß -p) ,
( 2 8) where q and c are two constants having the same values as in Paper XI, equations (130) and (134). Combining equations (16), (17), (27), and (28) 
( 3 2) where the functions P^z(p) and H r {p) are defined as in Paper XI, equations (141) and (142). Further, in equations (31) and (32) we have written p' = cos ß. ii) Solution of System (lb)--The discussion of this system proceeds quite analogously. Thus we find that, for this system also, the boundary conditions and the angular distribution of the emergent radiation can be expressed in terms of the positive zeros of certain functions and their values for the negative arguments, respectively. The functions we have to consider in this case are (cf. Paper XI, eqs. 
( 3 6) where Y and b are certain constants to be determined. The reductions now required to determine these constants are very similar to those used in Paper XI, pp. 122-27. Following this procedure, we find that the equations which determine Y and b can be brought to the forms (cf. eqs.
[25] and [26]) 27 1 (6+ !)(!+cos ß) p(l)p(-cosß) P(1)P(-cosß) £ + cosß and 27 _ 1 (6-1)(1 -cos ß) p (-1) p (-cos ß) (-1)P (-cos ß) ö + cosß Solving these equations, we find that 7 = p ( -cos ß) 2 ^ P ( ^ cos ß) and ¿ + P 5 + cos ß SUV ß = 1 -p cos ß + c (cos ß -p)
Substituting these equations in our expressions for Si(ix) and S r (p), we have q cos ß P ( -cos ß) P (p) Si(f¿) = and ¿V(p) 1
The angular distributions of the emergent radiation now take the forms (44) p + p This completes our discussion of Systems (la) and (I&).
Combining solutions (31), (32), (43), and (44) of Systems (I a ) and (I&), we obtain the required solution of System (I). We have, , we observe that they are essentially equivalent to the systems considered in Paper XI, § § 7 and 8; and the solutions for the angular distribution of the emergent intensities can be written down after a simple inspection. We have
In the foregoing equations the functions H {i) (ß) and H (i) (ß) are defined in the same way as in Paper XI, equations (149) and (157).
Finally, combining solutions (45)- (50) in accordance with equations (4)- (6), we obtain the complete set of equations which determine the polarization and the angular distribution of the radiation diffusely reflected by a semi-infinite plane-parallel atmosphere. We have 
It is seen that this expression has indeed the symmetry property required by the reciprocity principle. It may be further pointed out in this connection that the total reflected intensity, I (0, (Xj cp) = Ii (0, /x, <p) + I r (0, u, <p) ,
has also the symmetry required by the reciprocity principle only for the case of an incident unpolarized beam. In no other case can the principle be applied for total intensities. The demonstration of the reciprocity principle that we have just given makes it apparent that a precise mathematical formulation of the principle as generally stated will be involved and will lack simplicity. However, we shall show that there is an alternative formulation of the principle which has a simple mathematical expression. For this purpose it is convenient to replace the subscripts Z, r, and U by the indices 1, 2, and 3 and let Ii = Ii ; I r = h ; and U = I Z .
An incident partially polarized beam will then be characterized by the fluxes TrF k {k = 1, 2, 3), and the solutions for the emergent intensities given in § 3 can be abbreviated in the form 
and Sue aré certain coefficients which we can directly read from equations (51) 
